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ABSTRACT 

We discuss the potential of the eROSITA telescope on board the Spectrum-X- 
Gamma observatory to detect gamma-ray burst (GRB) X-ray afterglows during its 
4-year all-sky survey. The expected rate of afterglows associated with long-duration 
GRBs without any information on the bursts proper that can be identified by a char- 
acteristic power-law light curve in the eROSITA data is 4-8 events per year. An 
additional small number, <j2 per year, of afterglows may be associated with short 
GRBs, ultra hard (GeV) GRBs and X-ray flashes. eROSITA can thus provide the first 
unbiased (unaffected by GRB triggering) sample of <^40 X-ray afterglows, which can 
be used for statistical studies of GRB afterglows and for constraining the shape of the 
GRB log JV-log S distribution at its low-fluence end. The total number of afterglows 
detected by eROSITA may be yet higher due to orphan afterglows and failed GRBs. 
The actual detection rate could thus provide interesting constraints on the properties 
of relativistic jets associated with collapse of massive stars. Finally, eROSITA can 
provide accurate (<^30") coordinates of newly discovered afterglows within a day after 
the event, early enough for scheduling further follow-up observations. 



1 INTRODUCTION 



The main objective of the Spectrum-Roentgen-Gamma 
(SRG) observatory is to perform a sensitive all-sky sur- 
yey in the 0-3-12 keV energy ban d with the eROSITA 
jPredehl et al.ll201lT ) and ART-XC (|Pavlinskv et all 120111 ) 
telescopes. The survey (see f° r details) will last 4 years 
and consist of 8 repeated complete scans of the sky. The tele- 
scopes will be scanning the sky in great circles as a result 
of the spacecraft's rotation with a period of 4 hours around 
its axis pointed at the Sun. This observational strategy pro- 
vides the possibility of studying variable and transient X-ray 
sources on three characteristic time-scales corresponding to 

1) the duration of a single scan of a point source, <40 s, 

2) the duration of a single observation of a source, J> 1 day 
(consisting of > 6 consecutive rotation cycles, depending on 
the ecliptic latitude), and 3) the duration of a single all-sky 
scan (6 months). 

Information on temporal behaviour can greatly assist 
in identifying the types of X-ray sources discovered during 
the eROSITA all-sky survey. In particular, the X-ray after- 
glows of cosmic gamma-ray bursts (GRBs) form a class of 
bright transient sources that usually demonstrate power-law 
decay during the first hours and da ys after the burst (see 
iGehrels. Ramirez-Ruiz, fc Foxl [20091 for a review). There- 
fore, GRB afterglows can manifest themselves by a distinct 
variability pattern on the time-scale of several successive 
eROSITA scans, which in principle makes it possible to 
identify such events by analysing the X-ray light curves of 
sources detected during the all-sky survey. 



The purpose of this paper is to estimate the detection 
rates of GRB X-ray a fterglows durin g the eROSITA all- 



sky survey. Previously, iGreiner et alJ ()2000l ) carried out a 
search for afterglows of untriggered GRBs in the ROSAT 
all-sky survey (RASS) data and found 23 afterglow candi- 
dates. However, a closer examination indicated that at least 
half and perhaps the majority of these events were flares of 
late-type stars. Taking into account eROSITA's better (by a 
factor of ~ 4 in the 0.5-2 keV energy band) sensitivity and 
a factor of 2 larger sky coverage (survey duration times field 
of view area) of the planned survey, we can expect a signif- 
icantly larger number of detected GRB afterglows. We note 
in passing that in addition to afterglows, the SRG all-sky 
survey may also detect a significant number of GRBs them- 
selves, depending on the unknown shape of the log N-\og S 
distribution of GRBs at very low fluences. This topic will be 
addressed elsewhere. 

The main motivation for such a study is that eROSITA 
can provide the first unbiased sample of X-ray afterglows. 
The problem with all existing samples of afterglows is that 
they are based on trigerred GRBs and thus determined by 
the energy range, sensitivity and strategy of the particular 
GRB experiments. As we discuss in this paper, eROSITA 
may find a significant number of afterglows associated with 
GRBs falling near or below the detection threshold and/or 
having the spectral maximum outside the energy range of 
existing GRB monitors. This will make it possible to con- 
struct an unbiased distribution of X-ray afterglow fluxes 
and will also provide valuable constraints on the shape 
of the GRB log N— log S distribution at low prompt emis- 
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sion fluences. In addition, eROSITA may find a significant 
number of 'orphan' afterglows, i.e. events without preced- 
ing prompt high-energy em ission (e.g. lRossi. Lazzati fc Reea 
2002; Nakar fc Piranll2003r). and afterglow s associated with 
'failed GRBs' (e.g. iHuang, Dai fe Lull2002r i, which will pro- 
vide interesting constraints on the properties of relativis- 
tic jets produced during th e collapse of massive stars 
l|MacFadven fc Wooslevlll999r i. 



2 TASKS AND ANALYTICAL ESTIMATES 

The SRG observatory will be launched into the L2 point 
of the Earth-Sun system and the first 4 years of the mis- 
sion will be devoted to performing an all-sky X-ray survey. 
The satellite will be rotating with a period of T — 4 hours 
around its axis pointed at the Sun (or a few degrees away 
from the Sun, the exact strategy is still to be decided), with 
the telescopes observing the sky at right angles to the axis. 
Consequently, the rotation axis will be moving at a speed of 
1 deg per day following the orbit of the L2 point around the 
Sun. As a result, a complete survey of the sky will be done 
every 6 months and a total of 8 scans will be completed over 
the course of the mission. With the 1 deg-diameter field of 
view (FoV), eROSITA will be scanning the sky with a speed 
^ « tJqt ~ 1 deg 2 per minute (where So is the all-sky 
area). A typical position on the sky will pass through the 
FoV during 6 consecutive spacecraft rotations once during 
each all-sky scan. A single scan of a point source will last 
~ 40 s, the time it takes for the source to cross the FoV 
through its centre. Therefore, most of the sky will receive 
an exposure ~ 2 ks by the end of the survey. In reality, the 
received exposure gradually increases towards the ecliptic 
poles, so that the ecliptic caps will receive up to ~ 30 ks 
by the end of the survey l|Pavlinskv et al.l [2012) . This also 
means that any sources located in these regions will transit 
the eROSITA FoV during more than 6 successive rotation 
cycles. 

Below we consider two scientifically interesting tasks 
for the STJG/eROSITA survey: i) identification of afterglows 
without any information about the bursts proper and ii) 
search for afterglows of triggered (by instruments aboard 
SRG or other observatories) GRBs. 



2.1 Task 1: identification of afterglows of 
non-triggered GRBs 

Swift /XRT observations (|Nousek et al.1 l200rj ; IZhang et all 
l2006h have demonstrated that the light curves of GRB X- 
ray afterglows cannot always be described by a power law 
and frequently not even by a combination of several power 
laws (usually this is the case when one or more flares are ob- 
served), as had been previously su ggested by BeppoSAX ob - 
servations of late-time afterglows (jde Pasquale et al1l2006h . 
However, eROSITA should be most efficient for studying 
GRB afterglows during the period from ~ 10 3 to ~ 10 5 s 
after the prompt emission, which usually corresponds to the 
phase of smooth decay with a s lope of approximat ely 1.2 (see 
segment III in the cartoon in lZhang et al.1 [20061 ). We thus 
base our treatment below on the requirement that GRB X- 
ray afterglow candidates have power-law-like light curves. 



Consider the light curve of a GRB afterglow in the 0.5- 
2 keV energy band (where eROSITA is most sensitive) of 
the form 

where Fx, 12 is the X-ray flux at 12 hours after the prompt 
emission and r = t — to is the 'age' of the afterglow, i.e. 
the time since its onset (in hours). Such an afterglow can be 
detected by eROSITA until the time 

r e (F x , 12l 5) = 12hr^^y (2) 

where F e is the eROSITA detection limit for one (~ 40 s 
long) scan of a point source. If r e ^ nT, a light curve con- 
taining up to n+1 points can be obtained under suitable 
spacecraft orientation conditions. In principle, three consec- 
utive flux measurements, fx, f% and /3, are sufficient to re- 
construct a power-law-shaped light curve (see Fig. [T]). In- 
deed, in this case we have three equations for determining 
three parameters: -Fx, 12, 5 and to, or equivalently, -Fx, 12, 5 
and ti, where tx is the age of the afterglow during the first 
successful scan. Specifically, the decay index S can be found 
by solving the equation 

making further determination of n and Fx, 12 trivial. How- 
ever, in reality fx, /2 and /3 are the measured values of the 
afterglow flux, and it is also necessary to take into account 
the uncertainties associated with flux measurement. 

We thus propose as the criteria for identification of af- 
terglow candidates that: 

1. There is a sequence of 3 successive scans with the mea- 
sured fluxes (fx, fi and fz) exceeding F e ; 

2. The f\, f2 and fa fluxes are consistent within their 
uncertainties with a power-law decay with 0.5 < 8 < 3.5 
(see Appendix 1); 

3. The fluxes measured in scans preceding the fx measure- 
ment, if there are any, are consistent with zero (to ensure 
that there is no rising phase that would contradict a GRB 
afterglow origin); 

4. The fluxes (or upper limits) measured in scans suc- 
ceeding the fs measurement, if there are any, confirm the 
power-law decay. 

The second of the conditions listed above, together with 
the characteristics of eROSITA telescope, implies (see Ap- 
pendix 1) that the effective limit (F e ) for detection and 
identification of GRB afterglows lies between 2 x 10 -13 and 
3x 10 -13 erg s _1 cm" 2 (0.5-2 keV). Here, the higher value is 
more conservative, as it allows for the possibility of a signif- 
icant background contribution to the detected photon flux 
and some uncertainty in the characteristics of the eROSITA 
telescope; we will use both values for our estimates. 

Thus, for confident identification of a candidate after- 
glow we need at least three consecutive detections above the 
threshold specified above. This suggests that only afterglows 
with r e 2T = 8 hr are useful for our purposes. Further- 
more, such afterglows can only be suitable if detected for 
the first time within r m — r e — 2T ^ after the onset of the 
afterglow. In other words, r m defines the 'time depth' of an 
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Figure 1. Illustration of a typical GRB X-ray afterglow obser- 
vation by eROSITA. Here, the GRB source passes through the 
eROSITA FoV (1 deg-diameter green circle with the correspond- 
ing right and top axes) during 6 consecutive scans, these transits 
being shown by vertical black lines. As a result, the afterglow light 
curve (blue line) is measured at 6 instants separated by 4 hours 
(see the corresponding left and bottom axes), but only the first 4 
measurements exceed the detection limit (horizontal red line). 



interesting afterglow. For a given afterglow, we can further 
introduce a survey volume de = r m dS, where dS is the sur- 



vey area, and a survey rate 



dS 
■ dt ' 



As was mentioned 



above, the eROSITA scanning speed 4±L — yj^r. However, 
because eROSITA will scan a given position in the sky typ- 
ically for a total of 6 consecutive rotation cycles, only half 
of the FoV (see Fig. [T]) is actually suitable for producing the 
first point of an at least three-point light curve. Further- 
more, only 1/3 of this area has the full time depth r„J3- For 
the remaining two thirds, the time depth equals min(T, r m ), 
because a given event could already be detected in the FoV 
T = 4 hr before. Thus, effectively 



de 

Tit 



(r m ) = 



1 So , x 2 

2 180T +mm(r ' Tra) 3 



1 So 

2 180T ' 



(4) 



Let r(r m ) be the probability density function of r m for 
GRB afterglows, normalised to some total GRB rate per 
unit solid angle, R = f r (r m ) dr m . Then, the expected num- 
ber of GRB afterglows detected (and identified as such) by 
eROSITA during a unit time interval is 



Ni 



where 



<|> = ^/r(r m )|(r m )dr„ 



(•>) 



(6) 



Therefore, to estimate the expected number of GRB after- 
glows, one needs to specify the function r(r m ), which can 

1 Strictly speaking, the time depth of this area is min(To,r m ), 
where T « 180 X 24 hr - the eROSITA all-sky scan period, but 
because the rate of GRBs with r m > To is extremely small, the 
associated error is negligible. 



in principle be derived from observed distributions of GRB 
fluences, afterglow X-ray fluxes and decay indices. 

Before proceeding to accurate estimates, it is useful to 
make some simplifying assumptions and determine a lower 
limit for the expected number of GRB afterglows analyti- 
cally. Due to the form of equation Q , it is natural to divide 
all potentially interesting afterglows into three categories: 



and § = 0, 

at 



< 4 hr and 



T e ^ 12 hr, hence r m 4 hr and 4| 



t T ti + 2T So 



1. T e < 8 hr, hence t. 

2. 8 hr < r e < 12 hr, hence r, 

Tm 360T ' 

3 

Te So 
3 360T ' 

The Swift /XRT sample of GRB afterglows is consistent 
with a lognormal distribution of Fx, 12 (2-10 keV) with 
< Fx, 12 >~ 3 x 10~ 13 erg s" 1 cm -2 and a = 0.5 (?). 
Assuming a Crab-like X-ray spectrum with a photon index 
T = 2 and fixing the light curve slope at 8 = 1.3, we find that 
for F e — 3 x 10 -13 erg s _1 cm -2 (0.5-2 keV), approximately 
half of all Swift /XRT GRB afterglows have r e > 12 hr and 
thus fall into the third category described above. Taking 
into account only such (bright) events, the total rate of af- 

~ , where 



terglows detected by eROSITA will be Ni > §- 



< T e >= 12 hr- 



^jts — is the average over the lognormal dis- 
tribution of fluxes for Fx, 12 (0.5-2 keV) > F e . Given that 
T — 4 hr and assuming a total rate of GRBs R w 1000/So 
per year (which corresponds t o the Swif t detection rate re- 
calculated to the full-sky area |Paill2009). we obtain that 



Ni > 3.4 per year. 



(7) 



This is a conservative lower limit on the total afterglow 
detection rate by eROSITA. In reality, the detection rate 
should be higher owing to the contribution of weaker after- 
glows (Fx, 12 < F e ), but the result should be sensitive to 
the shape of the log A r -log S distribution of GRB fluences. 
We obtain more accurate estimates in ^3] using Monte Carlo 
simulations. 



2.2 Task 2: afterglows of triggered GRBs 

A different situation arises if a GRB monitor provides suf- 
ficiently accurate coordinates of a GRB. In this case, just 
one detection will be sufficient to identify its X-ray after- 
glow and measure its flux at a known time after the prompt 
emission. The effective eROSITA detection limit for this task 
is Fd — 1 x 10 -13 erg s _1 cm -2 (see Appendix 2), i.e. some- 
what lower than for Task 1 discussed above. 

In the considered case, r m = r e and the whole FoV is 
suitable for the first (and the only needed) detection of an 
afterglow: 1/6 of the FoV has time depth r e and the other 
5/6 of the FoV min(T, r e ). Consequently, 



de . . 1 
d? (Tm) = Te 6 



So . trr >5 

h mm J , r e ) — 

180T v ' J 6 



So 



(8) 



180T 

Similar to Task 1, we can find a lower limit on the eROSITA 
afterglow detection rate for Task 2 using information on 
Swift X-ray afterglows: 



N2 > 15 per year. 



(9) 



This estimate is based on the optimistic assumption that 
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at the time of the SRG mission there is a GRB moni- 
tor or collection of GRB monitors that constantly cover 
the whole sky with sufficient senstivity (corresponding to 
~ 10~ s erg s -1 cm -2 in 15-150 keV energy band ) and lo- 
calization accuracy (~ 10 arcmin). For example, Swift /BAT 
provides such characteristics except that its sky coverage is 
only 1.4 sr (half-coded). 

Again, more detailed estimates based on Monte Carlo 
simulations are presented in Sj3] below. 



3 MONTE CARLO SIMULATIONS: 
AFTERGLOWS OF LONG GRBS 

As was described in the SRG all-sky survey will not be 
homogeneous: the total accumulated exposure (per source) 
will be significantly larger at high ecliptic latitudes relative 
to the ecliptic plane. The ecliptic caps will also be advanta- 
geous for studying X-ray transients, because a point source 
will pass through the eROSlTA FoV during more than 6 
consecutive rotation cycles and can thus be monitored for 
significantly longer than 1 day. We performed Monte Carlo 
simulations of the 'GRB X-ray afterglow sky' as would be 
seen by eROSITA, taking the planned survey strategy into 
account. The simulation consisted of the following steps: 1) 
model the position of the eROSITA FoV as a function of 
time (by calculating the phases of rotation around the Sun 
and the satellite's axis) over the duration of the survey (sev- 
eral years), 2) assume a total rate, flux distribution and light 
curve characteristics of afterglows, 3) use these parameters 
to draw afterglows in random celestial positions, 4) check if 
a given event falls into the eROSITA FoV and satisfies the 
detection criteria for Task 1 or Task 2 specified above. 

In what follows, we concentrate on classical long (> 1 s) 
GRBs. Possible additional contributions of other classes of 
bursts are considered in Sj5] 



3.1 Population of afterglows 

The most important and non-trivial part of the simulation 
is the definition of the intrinsic characteristics of the af- 
terglow population. The problem here is that all samples of 
afterglows reported in the literature are probably biased rel- 
ative to the true population of such events, because they are 
based on samples of GRBs triggered above certain detection 
thresholds. In fact, the eROSITA all-sky survey might help 
reveal the intrinsic properties of the GRB afterglow popula- 
tion. 



3.1.1 Distribution of GRB prompt emission fluences 

The largest existing GRB sample has been provided by 
the Burst and Transient Source Experiment (BATSE) on 
board the Comp ton Gamma Ray Observatory (CGRO) 
jStern et alj 120011 ). The logiV-logP (here P is the peak 
photon flux in the 50-300 keV energy band) distribution 
of long bursts from this sample, corrected for the survey's 
effi ciency function, can be described by a number of mod- 
els (|Stern.Tikhomirova fc Svenssonlfeool hereafter S02). In 
our simulations, we used simple approximations to some of 
these models (namely to SF1,M and SF3,M from Table 2 



in S02) and their extrapolations to lower fluences. Specif- 
ically, our 'minimal' model Ml reproduces the measured 
log iV— log P distribution of bursts above the BATSE detec- 
tion limit and has a sharp cut-off below this threshold; this 
model has nearly the same normalisation (total GRB rate) 
as the SF1,M model in S02. Our 'medium' model M2 is 
the same as Ml but extrapolated by a constant level to 
lower fluences (down to 10 -8 erg cm -2 ); it has nearly the 
same normalisation as the SF3,M model in S02 and corre- 
sponds to increasing star formatio n at large [z > 2) red- 
shifts (see iPorciani fc MadaullioOlh . Finally, our 'maximal' 
model M3 is the same as M2 but has an additional power- 
law component with a slope of 3/2 (also extending down to 
10 -8 erg cm -2 ), whose normalisation is chosen so as to dis- 
tort the observed BATSE distribution near its threshold by 
~ 2 0%, just within the uncertainty of this distribution (see 
e.g. ISazonov. Lutovinov fc Sunvaev 1 120041 ). Such an addi- 
tional component may be present due to the existence of low- 
lumin osity GRBs (e.g. lKulkarni et alii 19981 : [Soderberg et al.l 
2004). Although only a few such events have been detected 
and associated with nearby (z<0.1) supernovae so far, the 
total rate of low-luminosity GRBs in the Universe can be 
much higher than that of classical (high-luminosity) GRBs 
jPian et al.ll200rj : iLiang et al.ll2007l ) and such events occur- 
ring at moderate distances (z<Jl) can emerge in large num- 
bers at currently inaccessible low fluences. 

To proceed to the statistical properties of GRB after- 
glows, we need to convert the BATSE distribution (logjV- 
log P) of GRB peak fluxes in the 50-300 keV energy band 
to a distribution of GRB fluences in the Swift /BAT energy 
band (15-150 keV). To this end, we first convert peak pho- 
ton fluxes fr om 50-300 keV to 15-150 keV by the method 
described in iDai I (|2009l ) , which provides rather good agree- 
ment between the BATSE and BAT log JV-log P distribu- 
tions, and then the 15-150 keV peak photon fluxes to 15- 
150 keV fluences Sis-iso using the av erage ratio of these tw o 
quantities found for the BAT sample (|Sakamoto et al.ll201ll ). 
Fig. [5] shows the resulting distributions (hereafter log N— 
log S) for the different GRB population models described 
above. 



3.1.2 Distribution of GRB afterglow fluxes 

Comprehensive studies of GRB X-ray afterglows have 

alJT2006) and 



been done with BeppoSAX flde Pasqu ale et 
Swift/XRT (|Sakamoto et al.ll200Sl : iGehrels et al.ll200Sl). Due 
to the higher sensitivity of the latter, Berger et alj "i 20051 ) ar- 
gued that the Swift /XRT sample has the least bias, hence 
we base our analysis on the properties of this sample. 

We need to make a conversion from the distribution 
of GRB prompt emission fluences (S) discussed above to 
a distribution of X-ray afterglow fluxes (e.g. at 12 hours 
after the prompt emission, Fx. 12)- A strong linear correla- 
tion was found between S and Fx. 12 for Swift/XRT GRBs 
l|Sakamoto et al.ll2008l ; lGehrels et al.ll200Sl ). We thus use this 
correlation to predict Fx, 12 for a given S but also take into 
account the scatter associated with the correlation. Specifi- 
cally, we distribute Fx, 12 lognormally with variance a = 0.31 
around the expected value. In addition, we make a correction 
to the 0.5-2 keV energy band from the Swift/XRT 0.3-10 
keV band) assuming a power-law spectrum with T = 2 and 
low X-ray absorbing column density Na ^ 10 22 cm -2 , as 
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Figure 2. GRB number-fluence (15—150 keV) distribution. Blue 
— the measured distribution of CG-B O/BATSE bursts, corrected 
for the detection efficiency function (Stern et al,/200l|) and con- 
verted from peak fluxes to fluences (see text). Black - various 
plausible extrapolations of the BATSE distribution to lower flu- 
ences: dotted line - flat extrapolation, dashed line - flat extrap- 
olation plus an additional power-law component with a slope of 
3/2 (also shown separately by the gray dash-dotted line). Also 
shown is the observed (and thus distorted at low fluences by the 
detection efficiency function) distribution of Swift /BAT bursts 
(red). 
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Figure 3. Distribution of X-ray afterglow fluxes: red — measured 
by Swift /BAT, green — simulated for model Ml (cut-off at low 
fluences), blue - simulated for model M2 (flat extrapolation to 
low fluences), gray - simulated for model M3 (flat extrapolation 
and additional power-law component with a slope of 3/2 at low 
fluences). The decrease at the low-flux end in the simulated dis- 
tributions is due to the truncation of the original GRB samples 
at 10 — 8 erg cm -2 . 
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Figure 4. Simulated eROSlTA half-a-year record history of GRB 
afterglows for the Ml (minimal) model of GRB population. The 
red lines indicate different eROSlTA detection limits (see text) 
per scan. Successive detections of the same afterglow are con- 
nected with dotted lines. Those light curves that satisfy the iden- 
tification criteria (at least three flux measurements higher than 
F e = 2 X 10 -13 erg s _1 cm -2 ) are shown by solid lines. The inset 
shows a few afterglows with better time resolution. 



is typical of GRB afterglows (|Campana et alj|201ll ). Fig. [3] 
shows the resulting distributions of afterglow fluxes for the 
Ml, M2 and M3 models described above. 



S = 1.3 l|Berger et al.ll2005l ). hence we simply fix the light 
curve slope at this value. 

3.2 Results 

Fig. [4] demonstrates an example of a simulated eROSlTA 
half-a-year all-sky scan for model Ml. Table [1] summarises 
the detection rates for Task 1 and Task 2 for the different 
considered models, obtained by averaging over a large num- 
ber of simulated all-sky scans. 

The simulated rates are somewhat higher than the ana- 
lytical lower limits presented in ij2]due to i) the contribution 
of weak (Fx, 12 < Fe) events neglected in the analytical cal- 
culation (only relevant for the Ni rate, see jj2| and ii) the 
increased number of scans at high ecliptic latitudes. The dif- 
ferences in the rates obtained for various models (Ml, M2 
and M3) are associated with the contribution of low-fluence 
GRBs. The N2 rate is especially sensitive to such events, be- 
cause eROSlTA with its effective detection threshold (Fd) 
may find a large number of afterglows from weak GRBs that 
are below the detection threshold of the current and previ- 
ously flown GRB detectors. 



3.1.3 Afterglow light curves 

To finally simulate the 'eROSlTA afterglow sky', we need to 
specify the shape of afterglow light curves. Measured after- 
glow decay indices are distributed in a narrow range around 



4 CONFUSION WITH OTHER TYPES OF 
X-RAY SOURCES 

Our proposed algorithm for detection of afterglows of non- 
triggered GRBs (Task 1) is based on checking if three suc- 
cessive X-ray flux measurements separated by 4 hours are 
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Table 1. Summary of the results of simulations for afterglows of 
long GRBs. Only GRBs with fluence higher than 10 — 8 erg cm -2 
(15-150 keV) were taken into account. For Ni, column a is for 
the detection limit F e = 3 X 10" 13 erg s" 1 cm -2 , while column 
b is for F e = 2 X 10" 13 erg s" 1 cm" 2 . The detection limit for N2 
is F d = 1 X 10" 13 erg s" 1 cm -2 . 



Model 


Normalisation, 
all-sky per year 


N u 
a 


per year 
b 


N2, per year 


Ml 


1600 


4.4 


6.8 


19.5 


M2 


3600 


1.8 


7.2 


27.4 


M3 


3600+9100 


5.0 


7.6 


55.6 



consistent with a power-law decline. However, other types 
of astrophysical objects detected during the S-RG/eROSITA 
all-sky survey might also exhibit similar variability proper- 
ties and could thus be misidentified as GRB afterglows. Be- 
low we discuss the most important potential contaminants 
and how they can be distinguished from afterglows. 

4.1 Active Galactic Nuclei 

A few millions of active galactic nuclei (AGN) are ex- 
pected to be discovered by eROSITA all over t he sky dur- 
ing the 4-year survey (e.g. iPredehl et a.1.1 [201 lh . Although 
less than ~ 10 of these will be brighter than F e — 2 x 
10~ 13 erg s" 1 cm -2 (0.5-2 keV) - our effective detection 
limit for GRB afterglows, it is still an enormous number of 
sources, some of which may be confused with GRB after- 
glows. Indeed, AGN are known to be significantl y variable 
on va rious time-scales from minutes to years (see iMcHardvl 
120101 for a review) and usually have Crab-like X-ray spectra 
with r ~ 2, similar to the spectra of GRB afterglows. 

The problem of AGN X-ray variability is far from be- 
ing completely explored and will be one of the key scientific 
topics of the SRG mission. Nevertheless, the results of pre- 
vious studies allow us to roughly estimate the number of 
AGN that might resemble GRB afterglows in the eROSITA 
survey. Rossi X-ray Timing Explorer (RXTE) observations 
have demonstrated that variability properties of AGN are 
similar to those of Galactic black- hole X-ray binaries (BHB), 
except that the characteristic time-scales are longer in pro- 
portion to the black hole mass l|McHardv et alj|2004h . Typi- 
cally, X-ray light curves of AGN are characterised by a power 
spectrum density (PSD) that can be fitted by a power law 
with a slope of —2 at high frequencies and a slope of — 1 
below some frequency vb- This characteristic frequency cor- 
relates with the black hole mass Mbh an d accretion rate 
rriE (in units of the Eddington critical rate) (|McHardvH2010T ) 
and thus varies significantly between different AGN. Assum- 
ing a break frequency vb = 10~ 4 Hz and rms/fl ux ratio of 
0.2 (typical values for AGN, see lMcHard"y||2010l and refer- 
ences therein), we simulated a large nu mber of AGN light 
curves using the method described by iTimmer fe Koema 
(|l995h and then applied our GRB afterglow detection cri- 
terion (Task 1) to these light curves. We found that the 
probability for an AGN light curve to have three successive 
eROSITA flux measurements (separated by 4 hours) that 
are consistent with a power-law decay with 0.5 < S < 3.5 
is ~ 1%. However, in approximately 3/4 of such sequences, 



the subsequent (fourth) flux will be higher than the third 
one, which will clearly indicate against a GRB afterglow. 

Therefore, the absolute majority of episodes of signifi- 
cant variability in AGN will not resemble GRB afterglows in 
eROSITA observations. Nevertheless, we can expect a total 
of a few hundred episodes associated with AGN that will 
mimic GRB afterglows. Fortunately, most of such bright, 
Fx > F e = (2 - 3) x 10" 13 erg s" 1 cm" 2 (0.5-2 keV), AGN 
will manifest themselves as persistent sources (and hence 
exclude an afterglow origin) over the course of the mission, 
as they will be repeatedly detected in successive (every 6 
months) eROSITA all-sky scans (the detection limit for a 
point source in one all-sky scan is ~ 7 x 10 -14 erg s" 1 cm -2 , 
0.5-2 keV, see Appendix 2). Most of such AGN will also be 
identified as such through multi-wavelength follow-up efforts 
(see g3] below). 



4.2 Stellar flares 

Coronally active stars are another population of variable 
sources that could produce afterglow-like light curves. In- 
deed, sev eral of the 23 afterg low candidates in the RASS 
sample of iGreiner et al.l l|200Cf ) showed power-law-like light 
curves (constructed similarly to the anticipated eROSITA 
data, namely there were several 10-30 s exposures separated 
by 1.5-hour intervals) but proved to be associated with stars. 

Stellar flares demonstrate a remarkable variety of prop- 
erties such as the duration and shape of the rising and de- 
caying phases, the peak flux and its ratio to the quiescent 
level. Unfortunately, virtually all studies of these properties 
reported in the literature are strongly affected by the de- 
tection efficiency and s trategy of th e particular surveys (see 
iFavata fe Micelall2003l ; lGudeill2004l for review). Therefore, it 
is difficult to make even crude estimates of the frequency 
of stellar flares resembling GRB afterglows in eROSITA ob- 
servations. Nevertheless, we may mention a couple of as- 
pects that may help distinguish stellar episodes from af- 
terglows. First, there is a well-known tendency for stonger 
flares to occu r in stellar coronae wit h stronger qu iescent X- 
ray activity jFavata fe Micelal 120031 ; iGudej |2004) ). There- 
fore, a flare exceeding our proposed threshold for GRB af- 
terglows, ~ 2 x 10~ 13 erg s" 1 cm" 2 (0.5-2 keV), should 
typically be associated with a star that will be seen as 
a persistent source (with Fx > 5 x 10" 14 erg s" 1 cm" 2 , 
0.5-2 keV) in repeated eROSITA all-sky scans. Secondly, 
typical stellar flares have spectra tha t are typically signif- 
icantly softer (|Favata fe Micelal 120031 ) than those of GRB 
afterglows. Although our afterglow detection limit is rela- 
tively low (~ 9 counts during the third flux measurement), 
the total number of photons accumulated during the /1 mea- 
surement will typically be ~ 10 2 in the 0.5-2 keV energy 
band, so that there will be a sufficient number of photons 
detected above 2 keV to discriminate the hard spectrum 
of an afterglow from the softer spectrum of a stellar flare. 
Additional valuable information above 6 keV can be pro- 
vided by the ART-XC telescope if an afterglow falls into its 
(smaller relative to eROSITA) FoV. Finally, as we discuss 
below, multi-wavelength information should be very helpful. 
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4.3 Cross-correlation with optical and infrared 
catalogues 

The anticipated availability by the time of the SRG mis- 
sion of a number of sensitive optical and infrared photo- 
metric surveys covering the whole sky or its large fractions 
should greatly help in distinguishing coronally active stars 
and AGN from host galaxies of GRB afterglows. Indeed, the 
non-flaring X-ray to optical flux rat io, Fx/F OD t, never ex- 
ceeds ~ 10 -3 , for stellar coronae (e.g. lGudellliool ). and only 
during the most extreme flares can the coronal X-ray lumi- 
nosity beco me comparable to t he bolometric luminosity of 
the star (see Qsten et al.ll201ol and references therein; also 
lUzawa et al.ll201ll ). Therefore, if a stellar flare satisfies our 
GRB afterglow detection criterion (Task 1) and hence have 
a peak flux F x ~ 1CT 12 erg s' 1 cm" 2 (0.5-2 keV), it should 
be readily associated with a relatively bright star of R<20 
in the Sloan Digital Sky Survey (SDSS, which has imaged 
« 1/3 of the sky in the it, g, r, i and z bands with a typica l 
sensitivity of R = 22.2, Data Release 8, lAihara et al.ll201lT ) 
and/or in the 37r Steradian Survey of the the Panoramic Sur- 
vey Telescope and Rapid Response System (Pan-STARRS, 
which is planned to im age 3/4 of the sky in the g, r, i, z and y 
filters down to R = 24. lKaiser fe Pan-STARRS TearrJl2002ll . 
Indeed, the number density of R < 20 stars at hi gh Galactic 
latitu des is less than 1 per square minute (e.g. lJuric et al.l 
2008), whereas the eROSITA localisation accuracy is better 
than 10 arcsec. 

As concerns AGN, based on the result s of a number o f 
previous extragalactic X-ray surveys (e.g. lAird et ai1l2010h 
it can be expected that the optical to X-ray flux ratio will be 
in the range 0.1 < Fx/F opt < 10 for the majority of AGN 
detected by eROSITA. Consequently, relatively bright AGN 
with F x £ 10" 13 erg s" 1 cm" 2 (0.5-2 keV), i.e. such AGN 
that may produce flares resembling GRB afterglows, should 
be associated with relatively bright, R ~ 19 ± 2, objects 
in the SDSS and PanSTARRS catalogues. Furthermore, it 
is expected (Sazonov et al., in preparation) that the abso- 
lute majority of such moderately X-ray bright AGN should 
be readily identifiable with the help of the recently pub- 
lished all-sky catalogue of mid-infrared sources detected by 
the W ide-Field Infrared Survey Explorer ( WISE, \Lake et all 
l2Q12h . 

In comparison, the host galaxies of typical GRBs 
observed so far are generally faint, with about half 
being weaker than R a i, = 23.5 and K a ^ = 22.5 
l|Savaglio. Glazebrook fc Le Borgiiel l2009t ). Since, there is 
no significant depend ence of GRB fluence on redshift 
(Saka moto et al.ll201ll ). the host galaxies of GRBs associ- 
ated with eROSITA afterglows, will typically be as dim. We 
conclude that the absence of a bright counterpart in the pub- 
licly available catalogues of large-area optical and infrared 
photometric surveys will be a strong additional signature in 
favour of a GRB afterglow origin of transients showing a 
power-law-like decline. 



5 AFTERGLOWS FROM OTHER CLASSES OF 
GRBS 

Some uncertainty in the number of afterglows that can be 
detected with eROSITA arises from the lack of information 



Table 2. Expected detection rates for afterglows associated with 
various types of GRBs 



Type 


Nr (F e = 2 X lO" 13 ^^), per year 


Long GRBs 


6.8 - 7.6 


Short GRBs 


~ 0.1 


GeV GRBs 


< 1.5 


XRFs 


~ 0.4 



about the low-fluence end of the log N — log S distribution 
of long GRBs. In addition, we should take into account the 
possibility of detecting afterglows associated with some ad- 
ditional subclasses of GRBs. 



5.1 Short GRBs 

In comparison to long GRBs (LGRB), short GRBs (SGRB) 
are rarer and fainter. Indeed, about 10 long bursts are lo- 
calised by Swift for every short burst, and the average flu- 
ence of SGRBs is an order of magnitude lower than that of 
LGRBs. The X-ray afterglows of SGRBs are also faint, which 
might point at different properties of the progenitor and cir- 
cumburst environment. Ho wever, using a large sample of 37 
short and 421 long GRBs, iNvsewander. Fruchter fc Pe'er I 
(2009) found that SGRBs follow approximately the same 
correlation between X-ray afterglow brightness and prompt 
7-ray fluence as do LGRBs. This suggests that the eROSITA 
detection rate of SGRB afterglows should be relatively low. 
Adopting F e = 2 X 10~ 13 erg s -1 cm -2 as the detec- 
tion limit for Task 1, we find that only 7 of 27 SGRBs 
with X-ray afterglow flux mea s ureme nts in the sample of 
INvsewander. Fruchter fc Pe'er I (120091 ) have r m > 0, i.e. 
T e > 8 hr, implying that the corresponding detection rate 
Ni of SGRB afterglows will be « 40 times lower than for 
LGRB afterglows (since almost all LGRB afterglows in the 
Swift sample have r e > 8 hr). Thus, taking into account 
our estimates for long bursts (Table [IJ, SGRB afterglows 
will only rarely, ~ 0.1 per year (see Tabled, satisfy the 
eROSITA detection criterion for non-triggered GRBs. 



5.2 Ultra hard (GeV) GRBs 

The energy range of Swift /B AT is narrow (15-150 keV) with 
respect to the observed va riety of GRB prompt emission 
spectra l|Virgili et al.l [20T1] ) . The effective energy range of 
CGRO /BATSE for GRB detection was similar, 50-300 keV. 
This suggest that there might exist a population of GRBs 
with ultra-hard prompt emission and moderate or unde- 
tectable signal in the hard X-ray band. This hypothesis can 
now be tested with the Large Area Telescope (LAT) on 
board Fermi, which is sen sitive from 30 MeV to 100 GeV 
and has a FoV of « 2.4 sr j|Atwood et al.ll2009l ). The detec- 
tion rate of Fermi /LAT is ~ 10 bursts per year, which corre- 
sponds to R ~ 50 bursts per year over the whole sky. All of 
the long GRBs detected by LAT so far occurred outside the 
BAT FoV. Detailed analysis of prompt and afterglow emis- 
sion properties of the L AT-detected GRBs (|Racusin et al.l 
l201ll ; ICenko et al.ll201ll ) indicates that although these GRBs 
have the largest fluences ever observed, their afterglows 
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still fall within the flux distribution of Suii/t/BAT-triggered 
GRBs, exactly near its upper boundary, whereas the spectral 
and temporal behaviour of the LAT-triggered GRB after- 
glows are quite similar to those of the BAT-triggered ones. 

Because the scatter in the X-ray afterglow fluxes of 
LAT-triggered GRBs is fairly small (probably owing to 
the fairly poor statistics provided by less than 10 GRBs 
in the current sample), some instructive estimates can be 
obtained assuming that all of these afterglows have som e 
'average' form. Using the data from ISwenson et al.l |2010), 
we find that a typical LAT-triggered GRB afterglow has 
-Fx, 12 ~2x 10" 12 erg s" 1 cm" 2 (0.5-2 keV flux at 12 hours 
after the prompt emission) and a ~ 1.5 (temporal decay in- 
dex). Thus, assuming an eROSITA detection limit per scan 
of F e = 2 x 10~ 13 erg s" 1 cm" 2 , such afterglows can be de- 
tected by eROSITA up to r e ~ 57 hours after the prompt 
emission (see Sect. 12.1)) . Hence, the corresponding detection 
rate N\ ~ 0.66 per year over the whole sky (given a total 
rate of 7? = 50 of such bursts per year). In addition, there 
might be faint ultra-hard GRBs remaining below the LAT 
detection limit but capable of producing X-ray afterglows 
detectable by eROSITA for more than 8 hours. However, by 
analogy with classical GRBs (see Table [1]), the number of 
such afterglows is unlikely to exceed the number of after- 
glows associated with detectable ultra-hard GRBs. We thus 
expect the total eROSITA detection rate of afterglows of 
ultra-hard GRBs to be less than 1.5 per year (see Tabled. 



5.3 X-ray Flashes 

There can also be X-ray afterglows associated with so-called 
'X-ray flashes', originally burst-like (shorter than 1000 s) 
events detected in X-rays by the Wide Field Camera on 
BeppoSAX but not detec ted by the Gamm a-Ray Moni- 
tor on the same satellite |Heise et al.l 1200 ll ). Comprehen- 
sive studies base d on data from Beppo SAX (|Kippen et al.l 
120031 ) . HETE-2 (ISakamoto et al J 120051 ) and most recently 
Swift (jSakamoto et al. 20081 ) have not found significant dif- 
ferences between the duration and sky distributions of XRFs 
and 'classical' GRBs. Moreover, the spectral properties of 
XRF prompt emission were found to be similar to those of 
GRBs, except that the peak energies E°^, s ak (of the prompt 
vF v spectrum), peak fluxes F peak and fluences Se of XRFs 
are much smaller. This suggests that X-ray flashes arise from 
the same phenomeno n as GRBs, continuin g the GRB pop- 
ulation to low Epeak (Sa kamoto et al.ll2008l ). 

The Wide-Field X-ray Monitor on board HETE-2 
makes it possible to readily estimate the rate of observable 
XRFs in comparison with GRBs, because its threshold for 
detection and localisation of bursts in terms of the peak 
photon number flux is only weakly dependent on E? 



nearly the same for XRFs and GRBs (|Sakamoto et al.l l2005). 
Based on the fluence ratio Sx (2 - 30 keV) /S 7 (30 - 400 keV) , 
out of a total of 45 bursts in the HETE-2 sample there are 
16 XRF, nearly half of which have E° b e 3 ak < 20 keV and 
a peak flux of < 0.2 ph s _1 cm 2 in the 50-300 keV en- 
ergy band. Here we are interested in such events because i) 
they seem to be missing from the log iV-l og S distribution 
of BA TSE GRBs (see figures 16 and 17 in ISakamoto et all 
120051 ). and ii) detection of such bursts by Swift /BAT in 
its 15-150 keV energy range is challenging. Studies of 
XRF afterglow emission based on BeppoSAX and HETE-2 



jD'Alessio et al.ll2006l ) and on Swift l|Sakamoto et al.ll2008l ) 
samples h ave produced somewh at controversial results. In 
particular. ID 'Alessio et ail (|2006l ) found that XRF afterglow 
light curves are similar to those of classical GRB s, including 
the break feature at late times (|Panaitescull2007l ). The XRF 
afterglow fluxes were also found to be not much lower than 
for GRB afterglows. On the other hand, the afterglows of 
XRFs from the more extensive Swift /XRT sample, consist- 
ing of bursts with E°^ k > 20 keV, exhibit no break in the 
light curves and are weaker by a factor of 2 or more com- 
pared to that of classical GRBs (|Sakamoto et al.ll2008l ). To 
extend this result to XRFs with E° b e a ak < 20 keV, we may 
assume that there is a positive correlation between prompt 
emission fluence and X-ray afterglow flux, i.e. the afterglows 
of such XRF should be fainter than those of XRFs with 
Epeak > 20 keV. Putting all these facts together, we esti- 
mate that afterglows of XRFs with E°\ s ak < 20 keV are ap- 
proximately 4 times rarer and at least 2 times fainter than 
afterglows of typical Swift bursts. Therefore, the total de- 
tection rate of the former is expected at the level ~ 0.4 per 
year (see Tabled]). 



6 'ORPHAN' AFTERGLOWS AND FAILED 
GRBS 

Even after considering various subclasses of GRBs and 
XRFs, our account of afterglows that can be detected by 
eROSITA is still incomplete. An additional contribution 
may come from afterglows that are not preceded by prompt 
7- or X-ray emission, which are often referred to as 'orphan 
afterglows' (OA). The standard theory of GRBs, dealing 
with strongly beamed emission of a highly relativistic (initial 
Lorentz factor F ~ 100 — 1000) jet, allows for the existence 
of three classes of OA: 1) on-axis afterglows, observed within 
the opening angle of the initial relativistic jet but outside its 
narrow 7-ray emitting (due to a larger Lorentz factor) com- 
ponent; 2) off-axis afterglows, observed outside the initial 
j et after the jet break time, when the jet expands sideways 
|Nakar fe Piranl|2003h ; and 3) afterglows of so-called 'failed 
GRBs' (FGRB), associated with baryon-contaminated fire- 
balls with an initial Lorent z factor of much less th an 100 
but still greater than unity (|Huang. Dai fe Lull2002l ). 

The light curve of an off-axis OA should initially rise 
until a moment that approximately corresponds to the 
jet-break time o f 'normal' GRB afterglows (10 4 — 10 5 s, 
|Panaitescull2007l ) and then decay in the usual post-jet-break 
manner (wit h a decay slope great er than 1.5 and typically 
near 2.0, see iNakar fe Piranl 2003). Hence, for such an af- 
terglow to satisfy our Task 1 identification criteria (i.e. a 
power- law- like decay), the required three successive (span- 
ning 8 hours) detections by eROSITA should take place af- 
ter the moment of maximal flux. However, the X-ray flux 
at this stage will typically be already too low for detection. 
Therefore, such off-axis events are unlikely to be found in 
significant numbers b y eROSITA. As regards on-axis OAs, 
(|Nakar fe Piranll2003l ) summarised observational constraints 
provided by the numbers of X-ray transients and GRBs de- 
tected by Ariel 5, HEAO-1, ROSAT and BeppoSAX and 
concluded that the average ratio of the opening angle of 
GRB jets to that of their 7-ray emitting components is <2. 
This suggests that eROSITA may find a comparable number 
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of orphan afterglows to that of 'normal' afterglows, i.e. sev- 
eral events per year (see Table [TJ and can thereby improve 
the constraints on the structure of relativistic jets in GRBs. 

As concerns failed GRBs, their existence seems rather 
natural from a theoretical point of view, because it is hard to 
produce a pure (in terms of the bary onic content) highly rel- 
ativis tic flow. The collapsar model (|MacFadven fe Wooslevl 
1999) predicts a great variety in the baryon mass and re- 
leased energy, and consequently in the initial Lorentz factor 
F of the produced fireball, among different events. In most 
cases, F is expected to be low (<C 100), leading to FGRBs 
that have almost the same initial energy as normal GRB 
fireballs (10 51 — 10 53 erg) but are polluted by baryons with 
mass ~ 10~ 5 — 1O~ 3 M0. It has also been suggested that 
a large population of FGRBs could arise if the jet failed 
to break out of the pr ogenitor star in the collapsar model 
l|Bromberg et al.l l201ll ). In such a case, a UV/soft X-ray 
thermal burst followed by an afterglow wi th some distinct 
features should be observed (|Xu et al.ll2012l ). It is practically 
impossible to predict the rate of such events, but eROSITA 
may shed light on this explored population. 



7 SUMMARY AND DISCUSSION 

The results of this study imply that it should be possible to 
detect and identify, by the shape of the light curve, 4-8 X- 
ray afterglows associated with classical long GRBs per year 
in the eROSITA all-sky survey data (see Table[T}. The exact 
number will depend on the shape of the log A-log S distri- 
bution of GRBs at low fluences (near the effective threshold 
of CG.RO/BATSE and Swift /BAT. In addition, eROSITA 
is expected to find a small number of afterglows associated 
with other classes of GRBs such short bursts, GeV bursts 
and X-ray flashes (Table [5}. Thus, by the end of the 4- year 
survey, a sample of at least 20-40 X-ray afterglows can be ac- 
cumulated. This sample, although smaller than the already 
existing samples of afterglows, will nevertheless be interest- 
ing for systematic studies of GRBs and their afterglows be- 
cause of its unbiased nature. In particular, it can be used to 
construct an unbiased distribution of X-ray afterglow fluxes 
and to obtain constraints on the shape of the log AMog S 
distribution of GRBs. 

The total number of afterglows detected by eROSITA 
may prove higher, perhaps by a factor of 2 or more, due 
to orphan afterglows and failed GRBs. The actual detection 
rate will thus provide interesting constraints on the proper- 
ties of relativistic jets associated with the collapse of massive 
stars. 

The proposed algorithm for searching afterglows of non- 
triggered GRBs (Task 1) in the eROSITA data is based 
on checking if the light curve of a given source resembles 
a power-law decline. Although such a procedure may erro- 
neously identify a large number of other types of variable 
X-ray sources (e.g. AGN and stellar flares) as GRB after- 
glows, most of such contaminants should be easily revealed 
through cross-checking of successive eROSITA all-sky scans 
and cross-correlation with large-area optical and infrared 
source catalogues. 

We have also discussed the possibility of using the 
eROSITA data for searching for afterglows of triggered (by 
any GRB monitors) GRBs. Since the coordinates of the 



triggered bursts will be known, eROSITA just needs to de- 
tect a few photons from the afterglow in one ~ 40 s scan. 
As a result, the total number of such events can be large, 
~ 20 — 60 per year depending on the log iV-log S function 
(see Table [TJ, provided that at the time of the SRG mis- 
sion there are GRB monitors covering most of the sky at 
any given time. X-ray afterglows detected in this way can 
be interesting for statistical studies addressing the same sci- 
entific problems as discussed above in relation to the search 
for afterglows of non-triggered GRBs. 

Finally, although SRG data transfer is planned to occur 
only once per day, accurate (<J30") coordinates provided by 
eROSITA within ~ 1 day after the event on afterglows of 
GRBs and orphan afterglows can be valuable for scheduling 
further follow-up observations. 



APPENDIX 1: TASK 1 DETECTION LIMIT 

Here we determine the eROSITA 0.5-2 keV detection limit 
F e for candidate GRB afterglows. The question we need to 
answer is to what accuracy do we need to obtain three con- 
secutive flux measurements, /1, /2 and fz, to be able to 
conclude with certainty that the X-ray flux is decaying as a 
power law? Because the result is mostly sensitive to fz (i.e. 
the latest flux measurement), the condition fz > F e must 
be fulfilled. 

To this end, we simulated light curves of GRB after- 
glows as would be measured by eROSITA, assuming that 
photon counts obey the Poisson distribution. The mathe- 
matical problem consists of fitting the intrinsic afterglow 
parameters Fx,i2, to and 8 (equation]!} given fi, fa and fz 
with their corresponding statistical uncertainties. In partic- 
ular, the power-law slope can be derived analytically from 
equation (|3]). We found that, if the intrinsic slope 8 = 1.3 
and we require the measured value of 8 to lie in the range 
from ~ 0.5 to ~ 3.5 this conservatively broad range re- 
flects the observed scatter i n decay indecies taking into ac- 
coun t the post-break phase l|Nvsewander. Fruchter fe Pe'er I 
2009)), then fz should be measured with accuracy better 
than ~ 30%, i.e. the latest measurement must be based on at 
least 9 photons. Figure [S] illustrates this conclusion. It shows 
the result of multiple realisations of a light curve for fixed 
intrinsic parameters: 8 — 1.3, n = 1 hr (the time of the first 
flux measurement) and fz corresponding to 9 photons. The 
resulting family of possible power-law solutions is bounded 
(within la) by two curves that correspond to 8 ~ 0.4 and 

8 ~ 3.3. For a characteristic X-ray afterglow spectrum with 
a photon index V — 2 and the preliminary eROSITA re- 
sponse matrix (http://mpe.mpg.de/erosita/response/), the 

9 counts limit corresponds to F e ~ 2 x 10 -li> erg s _1 cm -2 
for a diametral transition of a source through the eROSITA 
FoV. 

In reality, the effective detection threshold might be 
somewhat higher than estimated above because there is 
some uncertainty in the afterglow spectral properties and 
characteristics of the eROSITA telescope. We estimate that 
F e ~ 3 x 10 -13 erg s _1 cm -2 can be regarded as a conser- 
vative value. 
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Figure 5. Uncertainty in the inferred power-law slope <5 of an af- 
terglow light curve induced by the statistical (Poisson) uncertain- 
ties of count rates measured in 3 consecutive scans. The adopted 
intrinsic light curve is shown in black: its slope is 8 = 1.3, the 
first detection takes place at tl = 1 hour after prompt emission 
(t = here) and the mean flux during the third measurement cor- 
responds to 9 photons. For each of a large number of simulated 
data sets, the best-fitting power law was found. These solutions 
are distributed (within la) around the intrinsic light curve from 
8 ~ 0.4 (red curve) to 8 ~ 3.3 (blue curve). 



APPENDIX 2: TASK 2 DETECTION LIMIT 

In the case of Task 2, the effective afterglow flux limit is 
mainly determined by the background level of the eROSITA 
detectors. It is expected that in the 0.5-2 keV energy band, 
the cosmic X-ray background (Galactic and extragalactic) 
will dominate over the particle background. After exclud- 
ing bright extragalactic sources that will be detected as in- 
dividual point sources, the total background count rate in 
the 0.5-2 keV energy band over t he eROSITA FoV is ex- 
pecte d to « 5 counts per second l|Prokopenko fc Gilfanovl 
2009). This corresponds to ~ 0.012 counts inside the re- 
gion of half-power diameter (HPD, « 29") of the eROSITA 
point spread function over a 40 s exposure time. Accord- 
ing to the Poisson distribution, the probability that 2 or 
more background photons will be detected by chance in the 
HPD region is rss 7.4 x 10~ 5 . Assuming that the position 
of a given GRB is known to an accuracy of ~ 10' (as is 
e.g. the case for GRBs detected by Swift /BAT), the prob- 
ability of finding 2 or more background events inside this 
localisation region is less than 3 x 10 , which, however, 
will not provide 3a confidence of source detection. There- 
fore, it is reasonable to demand at least 3 counts as the 
detection limit for Task 2. This corresponds to a flux limit 
of F d « 7 x 10~ 14 erg s" 1 cm" 2 (0.5-2 keV). However, such 
a detection will provide poor information about the after- 
glow brightness. To allow the accuracy of flux measurement 
of at least ~ 50% and account for some remaining uncer- 
tainty in the eROSITA background level, we adopt a more 
conservative value Fd — 1 x 10 -13 erg s _1 cm -2 , which ap- 
proximately corresponding to 4 counts from a point source 
in the localisation region. 
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